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Real-Time Simulations for Aerospace Applications Series

Simulation Design
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AEROSPACE SIMULATION CENTER

Background &Support Capabilities
Simulators
Test Systems
Mission Support Systems

#4J_ _ Rockwell International
SpaceTransportationSystemsDivision

A.J. Mauceri, Director
Aerospace Simulation &
Systems Test Center

Engineering

1
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for Rockwell International Aerospace Operations

o Provides Support To:

Strategic Defense Center
SABIR
ASAT

North American Aircraft Division
X31
B-1B
Hypersonic Vehicle Simulation

Space Transporation Systems Division
Hypersonic Vehicle Simulation
GN&C Test Station

#_lb _ Rockwell International 2
Space Tfan_otlmion Syslems Oivis,on 1/5/90

ASSTC BACKGROUND &
SUPPORT CAPABILITIES



Environment Examples

Simulation Systems Non Real-Time & Real-Time Vehicle & System Full Mission Training

Using Man-In-The-Loop Math Model or Hardware/Software Verification

Avionics & Payload Test Subsystem/LRU Testing and Breadboarding,

Payload Integration and Compatibility

Real-Time Mission Support Flight Support and Ground Checkout Support

Air-To-Ground Communications / Protocol

Secure Systems

Artificial Intelligence and Expert

Systems

Real-'13me Process Control

Autonomous Robotics

Adaptive Control Systems

Man / Machine

Interface

Interactive Disl_lay and Control Development

Human Engineering Studies

Crew Procedures, Familiarization and Training

Natural Language Interfaces

Automation & Robotics Robotics Research, Vision System Development

Space-Based Construction and Servicing

Man-In-The-Loop Operations

Hardware/Test-System

Development

#_4 Rockwell lnternotlonalSpaceTranspottatmnSystemsDiwsmn

Microprocessor Systems

Data Link and Telemetry Communications
Hardware SimuSators

Avionic System Interfaces

Deliverable Test Systems and

Remote Checkout Systems J
4
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VIDEO OISTillOUTION
CENTER,

ASSTC Facility

AFT FLIGIIT OECK

ANALOGCOMPUTEII STATION

SUFTWAIIE
LAnoIIATUIIY
WUIIK S rATION

, EXPEIIT ,I;¥ST[MS
DEVELOPMENT

IISV

SIMU

COMPUTER OENEilATED
UflAPIIIC

SAOIR lL

COMPUTERMAINTENANCE

SECUnEAI1EA

SECUAEI

FA

liATA ACIilIISlTIIIfl A
IIELIUCTIUN

TAPE LIBRARY

KEW IIIIEAIISIIItlIIJl
LII;ASSUUAIID SIMULATOR
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Concept Demonstration/ i Full Scale Dev

Exploration Validation ! & Production Ol_rations

Functions

C) Feasibility Analysis
O Requirement

Definition

O Trade Studies

0 Modeling

O Architecture
Synthesis

O Man-Machine I/F

Projects

O HSV Simulator

O KEW Breadboard
Simulator

O Shuttle Simulator

O ETEEM

O Controls & Displays

O Space Station
Cupola

O Avionic Test Bed

O Brassboard
Simulator

0 Parameter
Optimization

O Integrate Tightly
Coupled Engine,
Airframe, GN&C
Models for
Evaluation

i O HW & Man-in-the-Loop

I Simulation
i O Cockpit Design
! Verification

O Flight SW Validation

O Avionic Development

O Flight HW &SW
Compatibility

O Test & Checkout

I ]
0 HSV Simulator !

i O Shuttle Simulator tO KEW Brassboard
i Simulator

I O Multipurpose Avionid

Test Bed (IR&D) !
I
j !

I

_lj _ ROCkwell Inlemlllollal
s_ Tr_l_oott=taon System= Oivillon

O B-1B Checkout
Equipment
(DBIS,CEMU)

O Shuttle
Man-in-the-Loop
Simulator

O Shuttle Avionic Test
Set

O Mission Support

Systems
O Mission Procedures

Development

£) Crew Training

O Depot Operations

O Launch Processing

O Payload Processing

I O DD&R Room

O Forward/Aft Cockpit

O Shuttle Close Loop
Simulation

O ATE for RSC£) CITE Augmentation
System

00PF/LPS
t

1 Augmentation Study
! O Expert Systems

J
8

115/90

SIMULATORS

_lb _ IlklCkv_l InllmlUocli
Tnmm_ Sysmm Div_on

_.i
7
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M_,thM Typical ASSTC Simulation Systems/
ANALYSIS AND DESIGN SYSTEM TEST AND INTEGRATION SYSTEM VERIFICATION

odel Simulations .... integrated SystemHardware In The Loop TesUng / Verification Testing
O Real "1"_me,Closed Loop,Real Time Continuous

O OMV/RMU

O SBKEW

O Structural Dynamics

Strategic System Architectures
O SODSIM O STRADEM O ETEEM

Man-Machine Interface
O Controls and Displays
O Space Station Cupola

Simulations
O Shuttle LRU Open Loop Tests

SIT, DIT, FAT

Image Sensor Autoprocessor
O Video Recording of Simulated Flight

Over Terrain Model

O Tape Used as Input to Image

Processor for Target Recognition

Studies

Deliverable HWIL Systems
O CAS 1,2&3

O PRIS

O PITS 1,2&3

OSTA

O DBIS (Bt-B Production C/O & Test)
ATE

RMS Simulations
O Assembly

Techniques

O Payload Deployment

Operations

#_k_ Rockwell InternationalSpaceTransponit_onSystemI Division

Hybrid Simulator
O Mission Validation

cO Anomaly Resolution

0 FlightSupport

Space Shuttle
Verification Simulator

TURNKEY Systems
O CEMU: B-1B

Flight Line
Verification &

Maintenance

Systems

CAPSIM
O Uses Pre-Recorded

Sire Data to Stimulate

GN&C System
O Real Time SW Execution In

a High Fidelity Emulation of

Actual Flight

J
8

1/5/90

Shuttle Deorbit-Rollout Man-in-the-Loop Simulator %

#_ sRpoc_k._ I_tl _lr:!_tnl°Sr _:I. ms 0 ivi =io n
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SABIR Simulator Block Diagram

SI_LAT1ON
HOST COMPUTERS

SIMULATION CONTROL
SYNC 1 MODINO
DATA COLLECTION
INITIAUZATION OF DATA
TARGET TRAJECTORY
RELATIVE GEOMETRY
EARTH MODEL
FORCES • MOMENTS
PROPULSION MODELS

MASS PROPERTIES

VEHICLE EOM
_MU
ICS INITtALJZATION

GUIDANCE/NAV
AI"nTUDE CONTROL

SIMPLE SEEKER
HI-R SEEKER

SUN SYSTEM

B/8 DATA COLLECTION
REAL TIME DATA DISPLAY

'4

SEEKIERBRASSSOARD 1

OPTICS • SEEKER
FOCAL PLANE $4GNAL

PROCESSOR

SEEKER MATHMOOEL

INTERCEPTOR COMPUTERSYSllUd (K_)

• OUIOANCE I NAVIGATION
• AITITUO( CONTROL

MATH MODELS

Slid HARDWARE

r_ SYSTEM ELEMENTS

Rockwell International

Space Trensaonmlon Systems 0_sk)n
10
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DOME (X31) REAL TIME SIMULATOR

VISUALS

GOULD CT6 IMAGE

32 / 67 GENERATOR

2 BACKGROUND

1 AREA OF INTEREST

2 TARGET

SIMULATION,_CONTROLsuNs& _DATA STRIPCHART_ACQUISITIONi
AD100 L MONITORS

1553 BUSI/O'S i_RTADS

VAX11/780 _ DISCRETEUO'S I_1t''1m _

ANALOG I/O'S (ALL DIGITAL)
CONFIG

HARDWARE IN THE LOOP FHILS
SYB TEST (H#WIN LOOP)

CONSOLE PC FUGHT CONFIG

(INTERFACING) COMPUTERS, LRUS

24' DOME

2 DOr$, HUG

CENTERSTICK

SIDE STICK

RUDDERPEDALS

11
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_. OTHER VlOEO 1
ATMOSPHERE OISTRIBUTION DISPLAYS

EOM

EARTH GEOMETRY

GUIDANCE LAWS

FLIGHT CONTROL

REACTION JE'TS OMS

WIND, GUSt TURBULENCE

FUEL SLOSH DYNAMICS

MASS PROPERTIES

RATE GYROS

ACCELEROMETERS

AIR DATA

CONTROL SURFACE

ACTUATORS

OATA REDUCTION

DATA OISPLAY

I

__ LMI2x2

OPTIMAL

TR_ECT_RY

PLANNER

CT6
POLY2000 VIDEO
EXTERNAL

DISPLAYS

r

FPS 5400 AP

FORCE ACCOUNTING

AERODYNAMICS

NOMINAL

ENGINE 1

UNCERTAINTIES

GEAR AERO

FCTDCOCKPITCONTROLS TO G&C

I DG$250

COCKPIT I/F

CONTROLS

STATUS

SWITCHES

#_ Rockwell International
Space Transportation Systems Division

VIDEO

CONSOLE

I VIDEO

COCKPIT

RHC & SWITCHES

S/8 & B/F CONT

RUDOER PEDALS

BRAKE PEOALS

THROTTLE

'I
EAI I :AOC & DAC

PRESTON !=

ADC & DAC ]

DCU l "

i PC DISPLAYS J

a"

SIMSTAR

ROT EOM

LANDING GEAR DYN

L.G FLEX MODES

TIRE DYNAMtCS

BRAKE DYNAMICS

NOSE'WHEEL ACTUAIDR

ANTISKID LOGIC

ENGINE OYNAMICS

J
12
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FLIGHT DECK

FLIGHT SYSTEM_ I

GTS SYSTEM

m

SHUTrLE SIGNAL INTERFACE (SSI)

ms
r_,w:m

ENVIRONMENT/DYNAMFCS

SIMULATOR (EDS)

DATA BUS NETWORK SIMULATOR lOON0)

MOO1 CONTROL

13
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TEST SYSTEMS

#J_ Rockwtll InllrlllUonll 14
SI:_IcoTrensaort,,tionSystemsOi,,ns=on 1/4/90
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Rockwell International

Space Transportal,on Syslems Div,spo. 1/4/90

I Building Block Architecture Provides for Transportability_[

DATA

PRODUCTION

TEST
SYSTEM

17
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O TestAndVerifyLineReplaceableUnits(LRU's)AndShopReplaceableUnits(SRU's)For
SpaceShuttleElectrical/ElectronicElements

Funclional (Pedormance) Testing To OEM's Acceptance Test Procedures (Minimum)

Fault Isolation And Diagnostics

Thermal And Vibration Testing

O System Was Spec'ed To Test 47 Different LRU's (150 Configurations)

MDM IS First Case - 3-90

ATE System Is Comprised Of 4 State-Of.The-Art Computer Systems

Traceability System - SUN Microsystems AnO IBM PC's With NASTEC Case 2000

Program Development Station - Development And Test Of Application Software And Databases.
HP9000/350

Automatic Test Station - LRU And Selected SRU Test Execution - HP9000/330

SRU Tester- HP 10001A400

Rockwell Will Develop And Integrate System

Test Requirements Documents

Interface Test Adapters

Test Procedure Code (ATLAS)

System Support Software (Database Access, Networking, Critical Parameter Monitor, Report
Generation

O

O

Rockwell International

Space Ttanspotlalion Systems D_lion 1/5/'_O

IShuttle Checkout System i
SHUTTLE PROCESSING AUGMENTATION

O Based on ACE Replacement Study

Designed System Architecture
Use Existing IR&D Developed Software

Currently Being Applied in DDR Workstation Upgrade

O Potential Applications for KSC
- Replace Cargo Integration Augmentation System

O Supports Multiple Programs
- West Coast Check-out/Refurbishment Facility (Palmdale)
- 0V-106
- Shuttle-C

0 Current Activities

- IR&D Funding for Demonstration Development
- Commercialization of Ground System to Support Multiple Programs

19
115/90



MISSION SUPPORT SYSTEMS

20
1/5/90

I Data Display and Review (DDR) Room I

APPLYING SYSTEMS CONCEPTS TO SHUTTLE SUPPORT

0 Member of Emergency Mission Control Center (EMCC)
- MILA Data Link Independent From JSC

0 Real-Time Monitoring of the Vehicle During Mission & Pre-Launch
- Prvoide Subsystem Engineers visibility on Vehicle Performance

- Processing of Two Vehicles simultaneously
- Real-time Data Processing and Displays

- Post Processing

0 Currently Upgrading DDR to Workstation (SUN) Architecture
- Architecture Has Front End Processor, Server, and User Workstations

Rehost of MEWS Software From MER on Sun 4 for Use in Downey

Dataview Display Builder for User Configurable Displays



/,_ Data Display & Review (DDR) Room (continued)

O IMU Pre-Launch Monitor / Rockwell Inertial Monitoring System (RIMS)

Monitors IMU Calibration and Alignment

Real Time Analysis of State Data and Graphical Display

Determines Acceptable Duration of Orbiter On-Pad Holds

O Palmdale-Downey Data Link for OV-105 Checkout

O Real-Time Expert Systems (IR&D)

Multi-Level Expert System Architecture

Subsystem Specific Expert Systems being Developed are:

OMS, SSME, ECLSS, Fuel Cell, EPD&C

Flight Anomaly Manager Expert System

Flight Director, Room Captain

_4_1_ ROCkWlIII InternationalSpaceTtcqsportalton System Oivi:_on

J
22
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Trends in Simulation Design

0 Simulation Support
0 Simulation Software
0 Simulation Hardware

Rockwell Intorllatlortal

Sf_ce Tr=msportllt_n Systems Division

D. Hernandez
Senior Technical Specialist
Aerospace Simulation &
Systems Test Center
Engineering



Simulation Support

$_ Rockwell InlMnaUonll
Space Trlms_ortat,',n Systems D_$ion

0

0

0

0

0

0

0

0

0

Key Simulator Design Drivers

Support the Strategic Business Plan

Rapid Response to Marketing & Project Needs

Corporate Image Enhancement

Good Return on Investment

Support All Project Phases Efficiently

Support Program Life Cycle Test & Evaluation Activities

Good Support of Critical Issues Resolution

Development and Operational Risk Reduction "

Produce a Good Product, on Schedule, at a Lower Cost

S_a=e Tm 8ymeme Otv_mt



Program Life Cycle Test & Evaluation Activities

OPERATIONS

DEPLOYMENT e

PROOUCTION •

• OPI. RILAOINESS T Ii E

• TRAINING I PREC. OEV.

• ANOMALY RESOLUTION

• MOOIFPCATIONII T • E

• C / L VALI0AllON

• ACCEPTANCE

• OIECRETE-EVENT SIM

• NON-REAL-TIME SiM

• OFF-L_NE SIM

• BREADBOARO DE'V. I EVAL.

• CONCEPT EVA/

CONCEPT

EXPLORATION

FULL

SCALE

0EVELOPMENT

• FLIGHT TESTS

• C I L SYSTEM T e E

• HW I SW INTEGRATION

• ACCEPTANCe

• CONFIO. ITEM CHECK OUT

• ENVIRONMENTAL

*SURVIVABILITY

• RELiABILiTY

•QUALIFICATION

•SUBSYSTEM

•COMPONENT

• REAL-TIME ElM

• OPF-LtNE $1M

• SRASSSOARO OEV. ! EVAL.

• TECHNOLOOY TESTS

• OPEN-LOOP TESTS

• HWIL SIN

OEMONSTRATION

VALIOATION

JRockwell Internaltonal
Spacn Trans_o(la=<_ Sysmms OMS,_n

The Full Spectrum of Simulation/Testing Capabilities is
Needed to Satisfy The Test and Evaluation Hierarchy

MODELING SPECTRUM
AND SIMULATORS

DISCRETE-EVENT
MODELS
DOMINANCE

k
•ETEEM

• OSPREY

• NEMESIS

MIXED MODELS

• ASAT SIM

• EXPERIMENTS

• KHIL

• LAB TEST

CONTINUOUS
MODELS
DOMINANCE

SIMULATORS TREND & CAPABILITY

PERFORMANCE
i_ EVALUATION

MORE OBJECTS
REPRESENTATION

NON.REAL._:iM E .....
EXECUTION

MORE ABSTRACT
MODELS

(AntlsstelUte System Example)

ASAT SIM/TEST HIERARCHY

I STRATEGIC EXCHANGE

INCREASE MODEL
FIDELITY

FINER GRANULARITY

MORE DETAILS

LESS OBJECTS

MORE HARDWARE-IN-
THE-LOOP

REAL-TIME
EXECUTION

!
I SDI ARCHITECTURE

I
I ASAT ARCHITECTUREFULL SYSTEM & ENVIRONMENT

i

I
I ASAT & SUPPORT SYSTEMSWITH ENGAGEMENT

i.

I
I ASAT & SUPPORT SY:STEMS

I
I ONE ASAT

I i

.I
ASAT SUBSYSTEMS

Rockwell International

Space Tran_orta._on S),lleml D_l_on

k

WHAT

HOW



Combined Simulation Framework Can Better
Support All Program Phases

VERIFICATION

& VALIDATIONANALYSIS DESIGN PRODUCTION

t_
...... .....

I COMPUTER COMPUTERS
INONREAL-TIME) (NONREAL TIME

OR REAL TIME]

COMBINED DISCRETE-CONTINUOUS,
REAI./NONRF.AL-11ME SIMULAT]ON FRAMEWORK
WITH HUMAN • HARDWARE IN TNELOOP

_mmmmam_

RELATIVE NUMBER OF MODELS

....... ,,,, DISCRETE-EVENT MOOELS
.."'" "'.,_ CONTINUOUS MODELS

']/j,,_,"_"_ \'_\\\,,.. COMBINED DISCRETE-CONTINUOUS MOOELS

;"- I .............z.............................1-........ I

4 Rockwell International
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Mixed Time- and Event-Driven Models Simulation Provides Flexibility for Issues Resolution
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Simulation Software
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Advanced Simulation IR&D Reflects Our Near Term Testbed Design Trends
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Distributed Parallel Multiprocessor Simulation Framework
Is Planned for Multiyear IR&D Implementation
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Combined-Models Mixed-Languages Distributed Simulation Framework
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Framework Allows Cybernetic System
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Simulation Hardware
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A Technical Evaluation is Performed to Select Simulation Computers
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A BBN TC 2000 Multiprocessor Provides an Excellent Simulation Platform

SPECIFICATIONS

40 PROCESSORS (EXPANDABLE TO 504)
MOTOROLA 80100 RISC MICROPROCESSORS

17 X 40 = 680 "VAX" MIPS PEAK

20 X 40 = 800 MFLOPS PEAK

16 X 40 : 640 MBYTES OF SHARED MEMORY

38 X 40 = 1520 MBYTES/SEC NETWORK BANOWITH

PSOS+ REAL-TIME OPERATING SYSTEM

MACH OPERATING SYSTEM

FORTRAN, C, ADA. • ASSEMBLY LANGUAGES

#4_k _ Rockwell Internallonal
Space TranspoMalNon Sysleml Division

TARGET APPUCATIONS

"HARD REAL.TIME SYSTEMS

"TIME CRITICAL APPLICATIONS
• HARDWARE IN THE LOOP

• HUMAN IN THE LOOP

• MIXEO MODELS
• MIXED LANGUAGES

• COMPLEX SYSTEMS
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FEATURES
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• SHARED MEMORY

• BUTTERFLY SWITCH NEI"WORK
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• DUAL OPERATING SYSTEM

• SCALABLE

• HIGH PERFORMANCE

• EXPANDABLE ARCHITECTURE

A Powerful MuItiprocessor Offers a Flexible Simulation Test Bed
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Shuttle Non-Homogeneous Loosely-Coupled Simulation
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Homogeneous Closely-Coupled Multlprocessor Slmulatlon Testbed
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Summary of Trends in Simulation Design at the ASSTC
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Open Parallel Multiprocessor Architecture

Homogeneous Processors

Powerful Software Framework and Kernel

Mixed Languages Simulation

Combined Continuous and Discrete-Event Models

More Complex and Higher-Fidelity Simulations

Combined Software Development and Multiple Execution Environment

Integrated Graphic Processing

Integrated Knowledge-Based System

Support Program Phases Efficiently

_ Rockwell IntMnatJonal
Space Trans_oona¢._nSyslems Oiviix)n





DESIGN STRATEGY

FOR

REAL-TIME SIMULATION

_4_k_ FI ockwel| Inlernwtlon=l

space Tran_lport.aC.ion Sy|r.em| D.t, vis_.on

KENNETH M. STERN

TECHNICAL STAFF
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DESIGN OBJECTIVES

MODULARITY

FLEXIBILITY

EXTENSIBILITY

VERIFIABILITY

6d_jjbk Roc kwall Intornitlonil

Space Tr=nspor_lon System| OLvLslon

PREVIOUS DESIGN METHODS

MOCKUPS

CONTROLS & DISPLAYS

VISUAL SCENE GENERATION

DRAWBACKS

• DIFFICULT / TIME CONSUMING

TO CHANGE

• LACK OF FLEXIBILITY FOR
FUTURE MODIFICATION

_ _kk Rockwell International

$p4Ce T¢'4nspolr¢.4¢loll $yll¢outlJ OJ,Vt|LON



FLEXIBLE DESIGN STRATEGY

PROTOTYPING IS KEY

SOFTWARE REQUIREMENTS

• 3D CAD / ANALYSIS / ANIMATION

• DISPLAY GENERATION

• ADVANTAGES

OFF-THE-SHELF

TAILORABLE

_ _k_ Rockwell International

Space T_anspor_.a_on 3ys_ems D_.vl|lon

FLEXIBLE DESIGN STRATEGY

HARDWARE REQUIREMENTS

• GRAPHICS WORKSTATIONS

• LOW COST IMAGE GENERATORS

• ADVANTAGES

• OFF-THE-SHELF

• ADAPTABLE

#dl_lb_ Rockwell Internetlenel

Sp4Ce _ranlpoL-c.iir.:Lon Syltelil O_LvLiILon



FLEXIBLE DESIGN STRATEGY

GENERATE PROTOTYPE MODELS OF

• SIMULATOR MODELS

• MOCKUPS

• CONTROLS AND DISPLAYS

TOUCH SCREENS

• VISUAL SCENES

6_4 Rockwell International

Spece Tranlpor_a_J_on Syetema DLvLaLon

FLEXIBLE DESIGN STRATEGY

USES

• CONTROLS AND DISPLAYS

• REACH / CLEARANCE TESTS

• VISION ANALYSIS - WINDOW PLACEMENT

• INSTRUMENT LAYOUT

• MISSION ANALYSES

• FACILITY LAYOUT

6_4 Rockwell Intorn-,tlonel

Sp4iCm 'Fr&hoporl:.&r.lofl SyS_.iNIII OJ.VLIILOn



FLEXIBLE DESIGN STRATEGY
COST / TIME SAVINGS

• SAVES VALUABLE SIMULATOR TIME

• OFFLOADS TASKS WHICH DON'T

NEED SIMULATION

• ALLOWS RE-USE OF DATABASES

NO NEED TO RE-DESIGN EACH TIME

• ELIMINATES COST/TIME ASSOCIATED

WITH FIXED OR PHYSICAL MODELS

$,_ Rockwell International

Spacm Transportation Systems D£vLsLon

FLEXIBLE DESIGN STRATEGY

FUTURE BENEFITS

• COST EFFECTIVE SOLUTION FOR

EVOLVING DESIGN IDEAS

• ALLOW VISUALIZATION OF PRELIMINARY

ENGINEERING DESIGN CONCEPTS

• ITERATIVE PROCEDURAL DESIGN

• ENGINEERING ORIENTED

• ENABLES USING PREVIOUS DESIGN IDEAS

Rockwell InternatlonRI

Space Transportation Systems DLvLsLofl




